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(The Tennent Institute of Ophthalmology, University of Glasgow) THE following observations on the ocular manifestations of disseminated sclerosis are based on a study of 91 cases of the disease. The cases selected are not chosen because they exhibit any special symptoms or signs referable to the eye, they are 91 consecutive cases of the disease which were treated as in-patients under the same Physician at the same Hospital. They are, therefore, representative of the general run of such cases. I intend to refer in some detail to the changes which were found in the function of the pupil, but before doing so I should like to consider certain other ocular findings, and in the first place to deal with the visual symptoms of the disease.
(1) Retrobulbar neuritis.-A history of loss of vision of the type associated with an attack of retrobulbar neuritis was given in 25 cases, that is in 27 % of those examined. In 8 of these cases the nerve involvement was bilateral, so that in all 33 eyes suffered from an attack of retrobulbar neuritis. In 4 of the bilateral cases the eyes were involved separately, but in the other 4 cases both eyes were involved together or within a relatively short space of time. In no case was there any evidence of the same optic nerve being attacked on more than one occasion. 1 do not know of any such case being recQrded. Retrobulbar neuritis is not only a frequent occurrence in disseminated sclerosis, but it is often the earliest manifestation of the disease. This was so in 19 of the 25 cases recorded here. On the average the attack of retrobulbar neuritis preceded any other obvious symptom of the disease by eight years. The longest interval was twenty years. In many of the cases which had suffered from retrobulbar neuritis there was a considerable degree of visual recovery as shown by the visual acuity recordings (Table 1) , but signs of permanent nerve damage were more readily detected by applying the Ishihara test (Table II) , by examining the visual fields (Table 111) , and by studying the appearances of the optic discs (Table IV) . 
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(2) Diplopia.-In 28 cases, that is in 31 % of those examined, there was a history of double vision. In 14 of these cases the diplopia had been the presenting symptom of the disease preceding any other manifestation by an average of four years. In 12 of the cases there had been more than one attack of diplopia (Table V) . On the average there was an interval of five years between attacks, but in a few cases in which the attacks occurred frequently there was only a short interval.
In this series there were 2 cases which had suffered from both an attack of retrobulbar neuritis and of diplopia. (2) Extra-ocular muscles.-(a) Nystagmus: This was present in 57 cases, that is 63 % of those examined. The nystagmus was of various types as shown in Table VI . I use the term ataxic nystagmus to denote the type of nystagmus described by Harris (1944) . In this condition there is nystagmus on looking to the right and to the left, but only of the abducted eye. The adducted eye in each instance remains stationary, and there is, therefore, a dissociation in the movements of the two eyes. Certain cases showed an incomplete form of this nystagmus, the adducted eye taking part in the nystagmus although to a lesser extent than the abducted eye. I have called this "partial ataxic nystagmus". (b) Ocular movements: These were abnormal in 9 cases, that is 10 % of the series, as shown in (3) Corne-.In 2 eyes there were a few old K.P. although there was no previous history suggestive of an attack of iridocyclitis. I should not have regarded this as in any way significant, but Sorsby (1951) mentions that iridocyclitis may be a not uncommon finding in disseminated sclerosis or in the relatives of those suffering from the disease. I have had no previous experience of any such association.
(4) Fundi.-(a) Optic discs: There was pallor of the optic discs in 23 cases (26 %). 17 of these cases have already been considered because in these cases the pallor followed a typical attack of retrobulbar neuritis. In the other 6 cases, 4 showed temporal pallor of one optic disc and 2 showed temporal pallor of both discs, despite the absence of any history suggestive of retrobulbar neuritis.
In each instance there was some additional evidence of damage to the optic nerve fibres, such as slight depression of central visual acuity, incorrect reading of Ishihara plates, and some defect in the visual fields (either a paracentral scotoma or a slight contraction of the peripheral field). It would appear, therefore, that involvement of the optic pathways can occur without any subjective awareness of such involvement.
There is a considerable difference of opinion regarding the number of cases of disseminated sclerosis which show temporal pallor of the optic discs. In this series 10 % of eyes showed some temporal pallor, biut a much higher percentage has been recorded in many previous series. It is well known, however, that even a normal disc can show some degree of relative pallor of its temporal part, and it may be that in cases of disseminated sclerosis where there is an equal degree of so-called temporal pallor of both optic discs, but in the absence of any history of loss of vision, and with normal vision, normal Ishihara test and normal visual fields at examination, it is best to consider such discs as within normal limits.
(b) The retinal vessels: There was some localized sheathing of the retinal veins in 9 cases, that is, in 10%0 of the cases examined. The phenomenon was bilateral in all except one case. The sheathing occurred especially in the equatorial regions of the eye. In only one case was the sheathing extensive. Rucker (1945) has described the occurrence of sheathing of the retinal veins in disseminated sclerosis. It is, of course, an interesting finding in view of Putman's theory of the relationship of the cerebral venules to the lesions in the central nervous system in disseminated sclerosis.
PUPILLARY FINDINGS
In this series of cases of disseminated sclerosis the pupillary findings were:
(1) The size of the pupil.-The mean apparent pupillary diameter of the cases was 4-6 mn. with the extreme limits ranging from 2 5 mm. to 7 5 mm. (Fig. 1) . T eyes examined during a purely temporary phase of mydriasis, 2 during an acute attack of retrobulbar neuritis and another examined during a total oculomotor paralysis. The mean figure of 4-6 mm. compares with a normal mean of 4 0 mm. It is doubtful if this difference of 0-6 mm. is significant, but at least it refutes, as far as this series is concerned, the idea that miosis is common in disseminated sclerosis. Adams, Sutherland and Fletcher (1950) in a recent series of cases of disseminated sclerosis also found that the pupil was larger than average in the majority of cases. Anisocoria occurred in 11 cases. In 7 of them the amount of anisocoria was 0 5 mm., and in the other 4 cases it was 1-5 mm. The 3 eyes seen during the temporary phase of mydriasis are again excluded.
(2) The occurrence of spontaneous hippus.-The normal iris is never completely at rest even in a constant illumination, with the result that the diameter of the pupil is continually fluctuating in value. When these fluctuations are sufficiently large to be readily.observed, the pupil is said to exhibit the phenomenon of hippus. Hippus, of an exaggerated type, has been observed in many cases of disseminated sclerosis. In this series 1 noticed obvious hippus in 33 cases of disseminated sclerosis, that is in 37 % of the cases examined. In all except one of these cases the phenomenon was bilateral and equal on the two sides.
(3) The reaction of the pupil to near vision.-In only 2 cases of the series was there any apparent upset in the near reflex. In 1 case, one eye showed a slightly sluggish reaction to accommodation in association with a similarly sluggish direct light reflex. The other case showed a unilateral oculomotor palsy, and there was an absence of the accommodation reflex in the affected eye in association with absence of the light reflexes. This abnormal reflex was, however, only temporary, and the accommodation reflex became normal when the oculomotor palsy passed off.
(4) The reaction of the pupil to light.-There were 4 cases which showed a gross upset in the pupillary light reflex. 2 of the cases were seen during the acute phase of retrobulbar neuritis and in each instance the pupil was dilated and practically inactive to direct light. However, as the severity of the retrobulbar neuritis lessened and the vision improved there was a proportional return of pupillary function. The third case was one of a unilateral oculomotor paralysis. The light reflex was absent in the acute phase of the condition, but a normal reaction returned when the condition improved. The fourth case showed a partially developed Argyll Robertson phenomenon. Both pupils were small although equal in size. The direct and inidirect light reflexes were poor, but the near reflex was brisk.
In addition to these 4 cases, however, there were 19 other cases in the series which appeared to show some slight upset of the light reflex as assessed by straightforward clinical tests. The direct light reaction was somewhat sluggish and ill-sustained in both eyes in 12 cases, and in one eye only in the remaining 7 cases. This deviation from the normal reaction was, however, difficult to be sure about without applying some more delicate test to the pupil. It was for this reason that 1 carried out in each case a test of pupillary reaction advocated by Stern (1944) . He pointed out that a series of oscillations of the pupil could be induced by shining a fine pin-point beam of light just within the margin of the pupil. This induces, after a short latent period, a contraction of the pupil which cuts off the light from the retina. This is followed by dilatation of the pupil after another short latent period. The dilatation, however, allows the passage of light once more within the eye and the pupil again contracts. In this way a rhythmic series of pupillary oscillations is induced.
I have examined a series of cases by a similar method. Each patient was examined in a darkened room. The patient's head was fixed in a chin rest, and the eyes kept steady by instructing him to fixate on some point on the examiner's head, or on a point of light situated behind the examiner. Good fixation is an essential part of the successful carrying out of this test. A vertical focused beam of light from the slit-lamp was used to induce the pupillary oscillations. This differed from the point .of light which Stern used, but the vertical beam appears to be equally effective in inducing the oscillations and it has the advantage that the character of the oscillation is more readily determined because of the increased general illumination. The oscillations were observed with the corneal microscope.
Three factors were recorded for each eye: (a) The rate of the pupillary oscillations. This was measured by timing with a stop-watch the period taken for 30 complete phases of contraction and dilatation. In most cases more than one recording was made. The results were transposedinto rate per minute.
(b) The amplitude of the pupillary oscillations was assessed arbitrarily as large, medium or small. (c) The rhythm of the pupiltary oscillations was observed for any irregularity. In a series of 34 normal cases the mean rate of the pupillary oscillations was 62 per minute. The extreme values ranged from 50 to 77 oscillations per minute. The standard deviation for these rates was 5'9. The majority of the readings for the right and left eyes were fairly comparable. The mean difference between the right and left eyes was 3 oscillations per minute with a standard deviation of 3 -2. The amplitude in the majority of cases was large. In a few cases the amplitude tended to decrease as the oscillations continued but this was generally due to a change in fixation, and full amplitude could be restored by altering the beam of light relative to the margin of the pupil. In all cases the rhythm was regular.
Campbell and Whiteside (1950) examined in detail the oscillations of the normal pupil induced by Stem's method. They made the interesting observation that the rate of amplitude of the pupillary oscillations is dependent to a certain extent on the basic size of the pupil. The smaller pupil was associated with a faster rate and a larger amplitude than the larger pupil. This test of induced pupillary oscillations was applied to 90 of the 91 cases of disseminated sclerosis reported in this paper. One case was omitted because of continuous rapid head movements which prevented the test from being adequately carried out.
In the first place 1 shall report the results of 3 eyes examined during a temporary phase of pupillary upset. The two eyes which were seen during the acute phase of retrobulbar neuritis exhibited no true pupillary oscillations although the light produced "worm-like" contractions of the pupillary margin. The cases were, however, examined at weekly intervals from the onset of theneuritis, and it was interesting to follow the return of pupillary movement as the vision of the eye improved. At first the oscillations were slow and of small amplitude but later they became more normal. The third eye was examined during an attack of internal ophthalmoplegia, part of a total oculomotor palsy.Initially no pupillary oscillations could be induced, but as the severity of the ophthalmoplegia lessened slow pupillary oscillations of small amplitude were induced. Finally the oscillations became normal.
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This leaves 177 eyes to be considered, of which 107 exhibited normal pupillary oscillations. The mean rate pf the oscillations of these pupils was 61 per minute, with extremes of 51 and 86 per minute, and a standard deviation of 6*8. These results compare favourably with those of the normal cases already mentioned. In all cases the amplitude of the oscillations was of average extent, and the rhythm regular.
The remaining 70 eyes gave a seemingly abnormal response in one or more of the factors recorded. The mean rate of the oscillations was 41 per minute with extremes of 9 and 75 per minute. The much greater scatter of rates is reflected in the standard deviation value of 12'5. There was an upset in the amplitude of the oscillations in these cases, and whilst the degree of upset varied considerably from case to case they can be grouped into different types. Firstly, in 48 of the 70 abnormal pupils the initial and sometimes even the next few oscillations were normal but there was a rapid tendency for the oscillations to become smaller and smaller in amplitude owing to a failure of the contraction phase. These small oscillations were superimposed, therefore, on a semi-dilated pupil. Secondly, in .20 of the 70 abnormal pupils the initial contraction was good but the dilatation which followed this was poor in extent and the subsequent oscillations were small-being superimposed on a semicontracted pupil. Lastly, in one case both eyes showed a peculiar type of pupillary oscillation. The contraction and dilatation pftases were full but they occurred in three or four slow, jerky stages, so that there was an obvious irregularity of rhythm.
Included in the 70 pupiis which gave an abnormal type of pupillary oscillation were the 31 pupils which appeared, on ordinary methods of clinical examination, to have a somewhat sluggish reaction to direct light. This method of induced oscillations, therefore, confirmed in a more precise way a vague clinical impression. In addition it revealed an apparent abnormality in 39 other pupils.
The phenomenon of induced pupillary oscillations is an artificial pupillary reaction produced.by creating a state which permits an alternating dominance of the sphincter and dilatator pupille muscles. The constancy ofthe phenomenon in normal subjects is evidence of the balanced co-ordination which exists between these two antagonistic muscles. The protagonist and antagonist are reciprocally innervated, active.contraction of the one being associated with active relaxation of the other. Provided pupillary movement is not impeded by implication of the iris in any disease process, pupillary oscillations are dependent solely on the integrity of the light reflex arc. This reflex arc has an afferent and an efferent pathway.
The afferent pathway conducts light stimuli from the retina to the centres in the mid-brain. The efferent pathway has two components. First, a parasympathetic portion which supplies the sphincter muscle of the iris and produces contraction of the pupil. Second, a sympathetic portion which can be subdivided into two parts. There is a peripheral sympathetic tract which supplies the dilator muscle of the iris and produces dilatation of the pupil. There is also a central sympathetic tract which, according to Langworthy and Ortega (1943) supplies tonic inhibitory impulses to the parasympathetic pupillary centre and thus indirectly facilitates pupillary dilatation. Lowenstein and Levine (1944) have also emphasized the importance of the central sympathetic control, although they consider that an adequate central sympathetic tone is essential for complete pupillary contraction as well as for pupillary dilatation.
In 17 of the pupils in this series which showed an abnormal type of pupillary oscillation, there was some defect in the conduction power of the afferent pathways. This involvement of the afferent side of the light reflex arc may have been the cause of the ill-sustained pupillary response which was found in such cases. In the other cases, however, there was no detectable afferent lesion, and it may be that in these cases there was some upset, functional or organic, in the complex efferent pathways or in their related cortical or mid-brain centres, so that an imbalance occurred in the reciprocally innervated muscles of the iris. I wish to thank Dr. Douglas K. Adams of the Western Infirmary, Glasgow, for allowing me to examine his patients, and for his interest and helpful advice during the preparation of this paper. I am also grateful to Professor W. J. Brownlow Riddell in whose department this investigation was carried out.
Mr. F. A. Williamson-Noble referred to the appearance in some cases of a fine nystagmus which was observable with the ophthalmoscope. The eye appeared to oscillate in much the sante way as a jelly wobbled on a shaky table. He had been introduced to this type of nystagmus by the late Leslie Paton, who called it "jelly-like" nystagmus. He agreed with Mr. Wybar that temporal pallor ofthe disc could be difficult to diagnose and that all one could be certain of was the difference between the colour of the discs in the two eyes. In order to estimate this it was important for the observer to use only one eye for examination of both the patient's eyes, otherwise the effects of pre-exposure came in. Another important point was to have the pupils dilated, examination through a small pupil frequently producing the illusion of pallor.
Sir Stewart Duke-Elder took up the point about comparing the two discs. He thought that much the best way to appreciate fine differences between two discs was the rather discredited indirect method of ophthalmoscopy in which one could look quickly and repeatedly from one to the other. He himself was apt to forget what one disc was like as he walked around the patient using the electrical ophthalmoscope.
Mr. Wybar said that several cases had monocular colour blindness, but in each case there was a history of retrobulbar neuritis or evidence of optic nerve damage. a The President agreed that persons with monocular colour-blindness mighit well be considered in this connexion.
Mr. Humphrey Neame supported Sir Stewart Duke-Elder in his advocacy of the indirect method in the examinatiowr of the optic disc.
Mr. Wybar, in reply to a question about the relationship between retrobulbar neuritis and disseminated sclerosis, said that it would appear that an isolated attack of retrobulbar neuritis in an otherwise healthy individual was most commonly a forerunner of disseminated sclerosis. W. J. Adie had seen a case in which the attack of retrobulbar neuritis preceded any other manifestation of disseminated sclerosis by twenty-four years. It was conceivable that the interval could be so prolonged that the retrobulbar neuritis might be the sole manifestation of the disease, and this was probably what Adie had in mind when he put forward the idea that disseminated sclerosis was the only known common cause of acute unilateral retrobulbar neuritis.
